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1 INTRODUCTION 

A request was made by U.S. Environmental Protection Agency (U.S. EPA), through an 

Interagency Agreement (lAG) (#DW-96-95045501-Addendum 3 to Scope of Work) between the 

EPA and the U.S. Army Corps of Engineers (USACE), to provide a basic engineering 

invesfigafion and evaluafion of applicable treatment alternatives for Trichloroethene (TCE) 

treatment at the City of Forrest City. Arkansas Water Treatment Plant (WTP) #1. Water 

supplied by four (4) of the seven (7) wells serving this plant have had historical detections of 

TCE contamination since February 2001 until present. The TCE concentrations at existing wells 

No. IA and No. 5 have caused the Forrest City WTP finished water quality to exceed the 

Maximum Contaminant Level (MCL) for TCE in drinking water of 6 micrograms per liters (pg/L) 

or part per billions (ppb). 

The intent of this report is to furnish the stakeholders of the Forrest City Water Ufility a 

document to assist them in decision-making, fiscal and logisfical planning for implementafion of 

recommendafions suggested herein to bring the water supplied by WTP #1 within regulatory 

compliance for TCE concentration. The recommendafions in this report are made to address 

the best TCE treatment opfion in terms of cost, applicability and compatibility with the exisfing 

physical and chemical unit operafions at the Forrest City WTP #1. This report is a summary of 

the review and evaluafion of the best and commonly used TCE removal technologies applicable 

to systems of this type. 

A site visit and review of the system components, as well as coordinafion and 

conversafions with the Forrest City Water Utility Staff and City Engineer was an integral effort in 

complefing this evaluation. Recommendafions made in this report are intended to be consistent 

with the objectives of the City of Forrest City in providing the best water quality possible to the 

residents and concerns of that community. 

2 EXISTING CITY OF FORREST CITY WATER SYSTEM DESCRIPTION 

2.1 Wells/Water Treatment Plants 

Forrest City's Water is supplied from three different well fields each with a separate 

water treatment plant. The water treatment plants are referred to as Water Treatment Plant #1 

(Sanyo Rd), Water Treatment Plant #2 (Division Street) and Water Treatment Plant #3 

(Northwest of Federal Correctional Institution-FCI). All three plants provided at least 

chlorinafion and fluoridation of the groundwater supplied to them. The City of Forrest City's 

current total water supply capacity is approximately 13.0 MGD. Water Treatment Plant #1 
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provides the largest portion of this capacity, with groundwater well capacity of up to 7.78 MGD, 

which represents almost 60% of the total water supply for Forrest City. Water Treatment Plant 

#2 and Water Treatment Plant #3 provide the remainder of the water supply capacity of 2.66 

MGD and 2.88 MGD respectively. Only the water produced from the wellfield serving Water 

Treatment Plant #1 has had any historical or recent detecfions of TCE contamination. A 

summary of the City of Forrest City Water System Capabilities as provided by the City Engineer 

is summarized in Table 1: Water System and Capacities. 

Table 1: Water System and Capacities 

Total 
Total 

Number of Total Well Finished 
Total Well Pump 

Operational Firm Water 
Water Supply Capacity to Firm^ 

Wells In Capacity to Pumping 
Plant (MGD) Capacity 

Field Plant (MGD) Capacity 
(MGD) 

(MGD) 

Water Plant #1 

(3120 Sanyo Rd.) 

Water Plant #2 

(1400 N. Division St.) 

Water Plant #3 

(NW of FCI) 

Summary 

7 

4 

1 

12 

7.78 

2.66 

2.88 

13.3 

5.83 

2.00 

2.88 

10.0 

6.77 

4.32 

2.88 

13.97 

5.08 

3.24 

2.88 

10.48 

Note: 1. Firm Capacity is calculated by the Arkansas Department of Healtti as 75% of Total Capability 

2.2 Water Distribution/Storage 

The Forrest City water distribution system is served by five (5) water storage facilifies 

located in three (3) separate pressure zones that establish the delivery pressure in the system. 

Pressure Zone 1 is served directly by the high service pumps from Water Treatment Plant #1, 

the 1.60 MG Kittle Road Standpipe Tank and the 1.0 MG Fletcher Road Standpipe Tank as well 

as the Federal Prison elevated storage tank. Overflow elevafion of the standpipes is 442 MSL. 
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Pressure Zone 2 is established by two 1,000 gpm booster pumps and the 200,000 gal 

Kittle Road elevated water storage tank. Overflow elevafion of the elevated storage tank is 505 

MSL. Pressure Zone 3, which covers the rural area outside the City, is established by two 250 

gpm booster pumps and the 100,000 gallon Newcastle Road elevated water storage tank with 

an overflow elevation of 542 MSL. 

Part of the water distribution of the Forrest City Federal Correctional Institution Is directly 

supplied by Pressure Zone 1 and another part by the 750,000 gallon Pnson elevated water 

storage tank. Well 10 supplies Water Treatment Plant #3. The operafing pressure of this 

system is established by the water levels of the Prison tank and the well pump. A summary of 

Forrest City Water Storage Facilities is provided in Table 2: Water Storage Facilities. 

Table 2: Water Storage Facilities 

Prossuic»s Zi in-s 

F.ILllltlf 'S 

C.ip ii.iiy Ground - Ovi ' i f lnw 

(MG1 Elrv. i t ionsfMSLi 

Purnp^ "On 

E l f v . i l i f i n 

(MSLl 

Pumps "OW 

Ekw j t i L i n 

tMSLi 

Pressure Zonel 

Kittle Rd Standpipe 1.6 387 - 442 432 441 

Fletcher Standpipe 1.0 369 - 442 436 441 

WP #1 Clearwell 0.21 252.5-262.5 
(21,092 gal/ft) 258 262 

WP#2Cleanwell 0.10 255-274 
(30 ft diameter) 270 273 

Prison Tank 0.75 240.5-426.5 407.5 426 

Pressure Zone 2- served by two (2) 1,000 gpm pumps 

Kittle Rd Elevated 0.20 396- 479/505 501 504 

Pressure Zone 3- served by two (2) 250 gpm pumps 

Newcastle Rd Elevated 0.10 418-518/542 537 541 
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3 CITY OF FORREST CITY WATER TREATMENT PLANT # 1 (WTP #1) & 

WELLFIELD 

3.1 Location 

The City of Forrest City WTP #1 is located on the northern edge of the City at the 

northeast corner of Eldridge Road and Industrial Road, just north of Interstate 1-40. The 

physical address is 3120 Sanyo Road. The seven (7) wells serving WTP #1are located south 

and west of the treatment plant and just north of Interstate 1-40. A site plan indicafing the 

locafion of the plant in relafionship to the wells is provided in Photo 1: City of Forrest City 

Water Treatment Plant #1 and Wellfield Site. 
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Photo 1: City of Forrest City Water Treatment Plant #1 and Wellfield Site 
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3.2 Water Supply and Quality 

3.3 Wellfield 

Seven producfion wells (Wells Nos. IA, 2, 3, 4A, 5, 6, and 7) provide the water supply to 

the Forrest City WTP #1. Wells No. 5 and 7 are also designed to by-pass the Plant and to 

pump directly into the water distribution system during an emergency condition. Each of the 

wells is equipped with a vertical turbine pump and associated discharge piping and valves. 

Photographs of the wells serving Water Treatment Plant #1 are provided below; 

Photo 2: Well#1A 
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Photo 3: Well #2 

Photo 4: Well #3 
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Photo 5: Well #4A 

Photo 6: Well #5 
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Photo 7: Well #6 or #7 (Similar Construction) 

The total well water supply capacity is 7.78 MGD. The Plant maximum pump capacity is 

about 6.77 MGD (with the three HS pumps operafing). During normal operation, one HS pump 

is offline, allowing the Piant to operate up to 5.0 MGD, which is equivalent to about five wells 

operating at 700 gpm each. 

3.4 General Groundwater QuaUty 

A recent analytical water quality test performed in March 2009 indicates that the 

hardness level of the groundwater produced by this wellfield has increased from the-initial 

sampling done in 1975 of 100 mg/1 (as CaC03) to 212 to 352 mg/1 (as CaC03). This most 

recent sampling event also indicates that the Iron and Manganese levels are below the required 

maximum contaminant levels (MCL's) for secondary water drinking standards. The pH of the 

groundwater was about 7.1. A summary of the March 2009 sampling event is provided in Table 

3: General Water Quality Data below: 
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Table 3: General Water Quality Data 

Well 

No. 

Alkalinity Hardness 

(a^ CaC03f. (lis C.-IC03}. 

liui-li rny li 

Manganese 

(mg/1) 

Iron 

(mg/1) 

Solids, 

Total 

Dissolved 

("M") 

Solids. 

Tot?l 

Suspended 

(mg/1) 

WI 284 307 0.01 0.31 350 <1 

W2 212 240 0.005 0.022 298 <1 

W3 274 286 0.005 0.047 330 <1 

W4A 344 344 0.005 <0.01 416 <1 

W5 252 274 0.005 0.033 344 <1 

W6 362 352 0.005 <0.01 424 <1 

W7 328 328 0.005 <0.01 416 <1 

Method SM 2320B SM 2340C EPA 200.7 
EPA 

200.7 
SM18"'2540D SM 18" 2540 D 

^ f f s t i ^ i o r ^ M ^ ^ ^ f f m i h 2009 

3.5 Groundwater TCE Contamination 

Groundwater analyfical data from February 7, 2001 to May 5, 2009 sampling events 

indicates the occasional presence of TCE contaminafion in water samples from exisfing wells 

(#1A, #2, #3, and #5) serving Water Treatment Plant #1. As a result, finished water produced 

from WTP #1 has also contained some level of TCE contamination. TCE concentrations of 

finished water from WTP #1 have exceeded the MCL of 5 \xglL for TCE occasionally since 2002. 

See Table 4: Historical TCE Tesfing Results for a summary of past tesfing results. 

The only consistency in this data is that Wells #4A, #6 and #7 have not demonstrated 

any detectable levels of TCE contaminafion. Wells #2 and #5 have exhibited the largest 

concentrations of TCE with maximum concentrations of 54 |ag/L and 36 ^g/L, respectively. 

Maximum TCE concentrafions in Well #1A have been below 9 \ig/l and Well #3 has been just 

below the 5 îg/L MCL 

Experience of the staff at Water Treatment Plant #1 has shown that TCE concentrations 

appear to vary significanfiy depending upon the wells pumping. Wells not pumped for some 

time appear to retreat to below MCL or non-detect levels, while contaminated wells pumped 

appear to increase in concentration over time as they are pumped. 
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Table 4: Historical TCE Testing Results 
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3.6 Water Treatment Plant UI 

3.6.1 General Description 

Water Treatment Plant #1 (WTP #1) was built in 1973 and was intended to serve as a 

softening plant for the groundwater produced by the wellfield providing the source. The 

following photographs depict the exterior of WTP #1. 

Photo 8: Forrest City, AR Water Treatment Plant #1 (Sanyo Road). (View looldng east) 
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EXISTINC TREATMENT 
BtilLDENG 

Photo 9: Aeration Basin and Solids Contact Unit (View looking northwest) 

SOI^lS 
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UPffT:' 
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Photo 10: Water Treatment Plant #1 (North Elevation) 
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Equipment comprising the plant consists of two Infiico Mulficone aerators (see Photo 11: 

Mulfi-Cone Aerators), a solids contact unit (see Photo 12: Solids Contact Unit), dry chemical 

feeders for lime and alum addition (see Photo 13: Alum and Lime Feeders), a recarbonation 

basin (see Photo 14: Recarbonation Basin), three dual-media rapid sand/anthracite filters (see 

Photo 15: Gravity Dual-Media Filters, Photo 16: Gravity Filter Piping Galley and Photo 17: 

Gravity Filter Filter Effluent Line), a 220,000 gallon finished water cleanwell and three high 

service (HS) vertical turbine pumps (see Photo 18: High Service Pumps). The plant also 

includes chlorinafion and fluoridation equipment (see Photo 19: Chlorination Equipment and 

Photo 20: Fluoride Feed Equipment). 

Photo 11: IVIultl-Cone Aerators 
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Photo 12: Solids Contact Unit 
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Photo 13: Alum and Lime Feeders 
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Photo 14: Recarbonation Basin 

Photo 15: Gravity Dual-Media Filters 
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Photo 16: Gravity Filter Piping Galley 

Photo 17: Gravity Filter Filter Effluent Line 
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Photo 18: High Service Pumps 
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Photo 19: Chlorination Equipment 

Photo 20: Fluoride Feed Equipment 
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WTP #1 was originally designed as a lime softening plant rated for 3.0 MGD in 

anficipafion of increasing hardness levels in the groundwater as the formation was pumped over 

time. The inifial hardness of the original four (4) wells constructed in the wellfield was about 100 

mg/1 (or parts per million, ppm) calcium hardness. Experience in the geographical area for 

pumping from this aquifer suggested during design that this level would increase over time to a 

level that would necessitate softening. Although chemical addition (lime and alum) was never 

used at this plant, the enfire groundwater flow produced was hydraulically routed through the 

plant process units until sometime in 2004. At that time, with hardness levels at increased but 

acceptable levels, flow was diverted following the aeration process around the solids contact 

unit, recarbonafion basin and filters direcfiy into the clean/veil. Current hardness levels are 

approximately 300 mg/1. 

The plant currently provides aeration through the aerators, chlorination for disinfection 

and fluoridafion for dental caries (tooth decay) prevenfion. Operated in this manner the plant is 

capable of handling a hydraulic capacity of 5.0 MGD according to Water Ufility Staff. Under 

current operafion, the plant uses approximately 20 lbs of chlorine per day for treating 2.5 to 3.0 

MGD (2,100 gpm) for disinfection. Free chlorine residual at the plant effluent is maintained at 

about 1.0 mg/1 in order to maintain a 0.6 mg/1 residual throughout the water distribufion system. 

Finished water in the plant clearwell is pumped by three constant speed high service 

(HS) vertical turbine pumps to the water distribution system. Two of these pumps have a rated 

capacity of 1,300 gpm (100 HP motors) each. The third pump is rated for 2,100 gpm (200 HP 

motor). WTP #1 operafion and high service pump control are both based upon maintaining 

water levels in the 1.0 MG Fletcher Road Ground Storage Standpipe. 

Provisions for backwash water storage and sludge holding is provided in the adjacent 

holding cell depicted inPhoto 21: Backwash Wastewater/Sludge Holding Cell. 

A supervisory control and data acquisifion (SCADA) system is used to operate and view 

the status of the City of Forrest City water system. The centralized system is located at WTP#1. 

A screenshot of the control map is provided in Photo 22: Screenshot of SCADA System. 
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Photo 21: Backwash Wastewater/Sludge Holding Cell 
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Photo 22: Screenshot of SCADA System 
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3.6.2 Well Transmission Line and Water Treatment Plant Hydraulics 

Groundwater from the wellfield serving WTP #1 is pumped by a vertical turbine pump 

arrangement located at each of the seven (7) active wells through a common transmission line 

routed to the plant. The size of the transmission line increases as more wells are combined, 

eventually becoming an 18-inch line entering the WTP #1 site from the north. Record drawings 

indicate that a 24-inch raw water influent line is constructed to the influent metering pit, allowing 

for planned (at the time of design) future wellfield and treatment plant expansion. 

The well pumps and transmission line were designed to provide adequate hydraulic 

head (pressure) to enter the mulfi-cone aerators. Downstream treatment process components 

(solids contact unit, recarbonafion basin, and filters) are then fed by gravity by the hydraulic 

head created in the aeratton basin following passage through the aerators. Filtered water gravity 

flows directly into the finished water clean/veil located below the filters. 

Understanding that any evaluafion of potenfial treatment alternafives for TCE 

removal/reducfion would require a better understanding and determinafion of the pressure that 

can be delivered to the influent of the plant, a quick evaluafion of the well pump and 

transmission hydraulics was undertaken during this effort. A procedure for conducting a series 

of hydraulic test condifions was developed with the Water Ufility Staff and City Engineer and the 

Omaha District Corps of Engineers. This process consisted of a staged approach to turning on 

(and turning off) successive well pumps and creafing artificial head (by incrementally closing 

valves in the influent metering pit) and measuring both flow and pressure delivered at the 

influent to the plant. Plant influent flow is measured by a venturi meter located approximately 30 

feet upstream of a pressure gauge just upstream of a tee connection to the two exisfing 

aerators. This procedure was performed to create a hydraulic capacity curve for the wellfield 

and the transmission line. Pressure at the valve pit upstream of the exisfing aerators was 

recorded for each scenario. The stafic pressure from the gauge to the top of the aerators 

overflow is 25.45 feet. A schematic diagram of the piping arrangement is depicted in Figure 1: 

Schematic of Existing Transmission Line Piping to Aerators. 
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Figure 1: Schematic of Existing Transmission Line Piping to Aerators 

The results of this field-collected data are provided in Table 5: Transmission Line 

Hydraulic Testing Results. These results are graphically illustrated in Figure 2: Water 

Treatment Plant #1 Transmission Line Hydraulics and Figure 3: Water Treatment Plant #1 

Transmission Line Hydraulics (Wells Operated Independenfiy). 
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This informafion provides a basis for determining the maximum available head (without 

providing addifional pumping) for potenfial TCE treatment processes if they were to be located 

at the headworks of the plant. As later discussions in this report will address, this particular 

locafion may not be the best location for the technologies recommended if water softening 

becomes necessary to allow these technologies to funcfion without interference/maintenance 

issues with scaling due to hardness. Other locations proposed in this report for these TCE 

treatment technologies potentially provide better adaptafion to incorporating the softening 

process as originally designed, while facilitafing the current (non-softening) bypass mode 

currenfiy implemented. 
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Table 5: Transmission Line Hydraulic Testing Results 
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Figure 2: Water Treatment Plant #1 Transmission Line Hydraulics 
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Figure 3: Water Treatment Plant #1 Transmission Line Hydraulics (Wells Operated Independently) 
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3.6.3 Existing TCE Reduction bv WTP #1 

Under the current operafing mode of WTP #1, the aerafion provided by the twin 

"Multicone" aerators provides some, but marginal, reduction of the TCE concentrafion of the' 

plant influent. It is difficult to determine what the capability of that system provides in terms of 

TCE reduction as exisfing data is not comprehensive enough to establish all the operafional 

parameters and results. Based upon one recent test conducted by the City of Forrest City, with 

only Well #2 operating, the following results were found: 

Table 6: Existing TCE Removal Performance 

Location . TCE C o n c e n t r f l i i | i | | | 

Upstream of Aerators (pre-aeration) 

Post Aeration 

Post Filtrafion 

17.89 

8.60 

8.01 

Assumed flowrate through plant of 780 gallons per minute (based upon transmission 

line hydraulic testing results for operating Well U2 independently) 

Under this particular scenario the calculated removal efficiency provided by the exisfing 

aerators was 51.9%. This one result should not be considered predictive of performance under 

any other operafing scenario, particularly under increased flowrates or higher TCE influent 

concentrations. 
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4 NON TREATMENT ALTERNATIVE 

4.1 Wellfield Blending 

One potenfial management approach to dealing with achieving TCE MCL compliance at 

Water Treatment Plant #1 might include blending of the flows delivered by the wells serving that 

facility. To date only four (4) of the seven (7) current wells have shown TCE contaminafion. 

Under this approach, and under certain demand and pumping conditions, blending wells with no 

detectable levels of TCE with those with contaminafion (beginning with those having the lowest 

contamination) may provide a blended flow that meets MCL requirements. Realizing that there 

are an infinite number of possible flow demand scenarios and inconsistent TCE concentrations 

in the wells, this approach can be difficult to manage and liKely not applicable in covering the 

enfire water demand range and well operating scenarios. Current plant operation utilizes one 

variant of this method as onty the non-contaminated wells are pumped. This mode of operafion 

is satisfactory when water demands are at or below the capacity delivered by this combination 

of wells (#4A, #6 and #7). 

The following informafion is a summary of only several of the infinite potential scenarios 

that could exist in operating the wellfield. These are provided to illustrate the effect of blending 

well flows (at various flowrates) at various levels of TCE contamination. The predicted values 

represent the expected blended flow concentration of TCE to the influent of WTP #1, upstream 

of any treatment process (existing or proposed). 

NOTE: It must be noted that these predictions do not consider the hydrogeology 

impacts and the resulting movement of the contaminant plume that may result from the 

pumping scenarios evaluated. Groundwater modeling and contaminant plume tracking 

is a critical component in utilizing this non-treatment method, and as such may 

significantly impact the success of this option. 
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Scenario One examined pumping all seven (7) wells each at their design pumping rate 

and assuming the highest historical TCE concentration measured for each of the four (4) 

contaminated wells. Results from this scenario indicate that the blended plant influent will be 

greater than the current MCL for TCE. Therefore for conditions similar to this scenario, 

treatment will be required to reduce the finished water TCE concentration to meet the MCL. A 

summary of this scenario is provided in Table 7: Wellfield Blending Scenario One below: 

Table 7: Wellfield Blending Scenario One 

Well No. 

W1A 

W2 

W3 

W4A 

W5 

W6 

W7 

Total Flow 
Blended 

TCE 

Design Design 
Pumping. Pumping 
Rate (gpm) Rate (MGD) 

600 

800 

800 

800 

800 

800 

800 

5400 

0.86 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

7.78 

Scenario 
Flovir* (gpm) 

600 

800 

800 

800 

800 

800 

800 

5400 

Scenario Flow* 
(MGD) 

0.86 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

7.78 

TCE (ppb) 

8.6 

54.33 

4.93 

0 

36 

0 

0 

15.07" 

TCE (mg/L) 

0.0086 

0.0543 

0.0049 

0.0000 

0.0360 

0.0000 

0.0000 

TCE 
Mass 
(Lbs) 

0.0620 

0.5220 

0.0474 

0.0000 

0.3459 

0.0000 

0.0000 

0.9772 

TCE 
Weighted 

Mass 
(ppb'gpm) 

5160 

43464 

3944 

0 

28800 

0 

0 

81368 

* Based on Design Pur r ing Rate- Information dated Ocfober 2008 fmm FonBst Qty Water Unities -General Manager 

' "Blended TCE concentration liased on the total pumping Flow of 7.73 MGD (5400 gpm) prior to the existing Aerators 

Blended WTP#1 Well Field TCE Concentration 0.977197133 lbs 
7.78 MG 

0.125668356 Ibs/MG 
15.07 ppb 

81368 
5400 

15.07 
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Scenario Two examined pumping all seven (7) wells, each at their actual pumping rate 

as determined by the transmission line hydraulic testing, and assuming the highest historical 

TCE contamination for each of the four (4) contaminated. Results from this scenario also 

indicate that the blended plant influent will be greater than the current MCL for TCE. Treatment 

will be required at WTP #1 to reduce the finished water TCE concentrafion to meet the MCL. A 

summary of this scenario is provided in Table 7; Wellfield Blending Scenario One below: 

Table 8: Wellfield Blending Scenario Two 

Well No. 

WIA 

W2 

W3 

W4A 

W5 

W6 
W7 

Total Flow 
lilendea 

TCE 

Design 
Pumping 

Design 
Pumping 

Rate (gpm) Rate (MGD) 

600 

800 

800 

800 

800 

800 
800 

5400 

0.86 

1.15 

1.15 

1.15 

1.15 

1.15 
1.15 

7.78 

Scenario 
Flow* (gpm) 

403 

538 

725 

813 

828 

786 
741 

4834 

Scenario Flow* 
(MGD) 

0.58 

0.77 

1.04 

1.17 

1.19 

1.13 
1.07 

6.96 

TCE (ppb) 

8.6 

54.33 

4.93 

0 

36 

0 
0 

13.67** 

TCE (mg/L) 

0.0086 

0.0543 

0.0049 

0.0000 

0.0360 

0.0000 
0.0000 

TCE 
Mass 
(Lbs) 

0.0416 

0.3510 

0.0429 

0.0000 

0.3580 

0.0000 
0.0000 

0.7936 

TCE 
Weighted 

Mass 
(ppb*gpm) 

3465.8 

29229.54 

3574.25 

0 

29808 

0 
0 

66077.59 
; 

• Based on Hydraulic runs made by Forrest City Water Utilities -dated January 2006 

'Blended TCE concentration based on the total pumping Flow of 6.96 HAGD (4334 gpm) prior to the existing Aerators 

Blended WTP#1 Well Field TCE Concentration 0.793565425 
6.96 

0.114002296 
,„.„„13.67;, ,;: 

lbs 
MG 

Ibs/MG 
ippb 

66077.59 
4834 

13.67 
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Scenario Three examined assumes pumping all seven (7) wells, each at their actual 

pumping rate as determined by the transmission line hydraulic tesfing, and assuming a TCE 

contaminafion of 36 ppb for each of the four (4) contaminated wells. This concentration is used 

because it is the highest concentrafion of TCE for Well #4A. This well was used because it has 

been the most consistent in historical TCE concentrafions. 

Results from this scenario also indicate that the blended plant influent will be greater 

than the current MCL for TCE. Treatment will be required at WTP #1 to reduce the finished 

water TCE concentration to meet the MCL. A summary of this scenario is provided in Table 9: 

Wellfield Blending Scenario Three below: 

Table 9: Wellfield Blending Scenario Three 

Well No. 

WIA 

W2 

W3 
W4A 

W5 

W6 

W7 

Total Flow 
mended 

TCE 

Design j. 
Pumping 
Rate (gpm) 

600 

800 

800 
800 

800 

800 

800 

5400 

Design 
Pumping Scenario 
Rate (MGD) Flow* (gpm) 

0.86 

1.15 

1.15 
1.15 

1.15 

1.15 

1.15 

7.78 

403 

538 

725 
813 

828 

786 

741 

4834 

Scenario Flow** 
(MGD) 

0.58 

0,77 

1,04 

1.17 

1.19 

1.13 

1.07 

6.96 

TCE (ppb) 

36 

36 

36 

0 

36 

0 

0 

18.57*' 

TCE (mg/L) 

0.0360 

0.0360 

0.0360 

0.0000 

0,0360 

0,0000 

0.0000 

TCE 
Mass-
(Lbs) 

0.1742 

0.2326 

0.3135 
0.0000 

0.3580 

0.0000 

0.0000 

1.0783 

TCE 
Weighted 

Mass 
(ppb'gpm) 

14508 

19368 

26100 

0 

29808 

0 

0 

89784 

' Based on Hydraulic runs made by Forrest City Water Utilises -General Manager dated January 2006 

" Blended TCE concentration tyased on the total pumping Flow of 6.96 MGD (4834 gpm) prior to the existing Aerators 

1. Blended Well Field Flow TCE Concentration = 1.078269926 !bs 
6.96 MG 

= 0.154902474 Ibs/MG 
= 2:22^8.51'I ppb 

89784 ppb'gpm 
4834 gpm 

18.57 ppb 
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Scenario Four evaluates a blended flow TCE concentrafion when operafing the WTP#1 

at the current 5.0 MGD peak flow limited by the exisfing hydraulics. Under this scenario all non-

contaminated weds (#4A, #6 & #7) would be operated at their design flowrate (approximately 

2,400 gpm or 3.456 MGD). The remainder of the groundwater (1,072 gpm or 1.544 MGD) 

would need to be supplied by wells that are contaminated. The management approach would 

be to pump the greatest flows from the least TCE contaminated wells. For this scenario it was 

again assumed that all wells would have a TCE concentration of 36 ppb. In that instance no 

preference would be made to which contaminated wells would be pumped first (they are all 

equally contaminated). 

Results from this scenario also indicate that the blended plant influent will be greater 

than the current MCL for TCE. Treatment will be required at WTP #1 to reduce the finished 

water TCE concentrafion to meet the MCL. A summary of this scenario is provided in Table 10: 

Wellfield Blending Scenario Four below: 

Table 10: Wellfield Blending Scenario Four 

Well No. 
WIA 

W2 

W3 
W4A 

ws 
W6 

W7 

Total Flow 
Blended 

TCE 

Design 
Pumping 

Design 
Pumping Scenario 

Rate (gpm) Rate (MGD) Flow* (gpm) 

600 

800 

800 

800 

800 

800 

800 

5400 

0.86 

1.15 

1.15 

1.15 

1.15 

1.15 

1.15 

7.78 

0 

800 

0 
800 

275 

800 

800 

3475 

Scenario Flow* 
(MGD) 

0.00 

1.15 

0.00 

1.15 

0.40 

1.15 

1.15 

5.00 

TCE (ppb) 

36 

36 

36 
0 

36 

0 

0 

11.14" 

TCE (mg/L) 

0.0360 

0.0360 

0.0360 

0.0000 

0.0360 

0,0000 

0.0000 

TCE 
Mass 
(Lbs) 

0.0000 

0.3459 

0.0000 
0.0000 

0.1189 

0.0000 

0.0000 

0.4648 

- TCE 
Weighted 

Mass 
(ppb'gpm) 

0 

28800 

0 
0 

9900 

0 

0 

38700 

• Based on Design Pumping Rate- Information dated October 2008 from Fonest City Water UtiSties -General Manager 
• Blended TCE concentration based on the total pumping Flow ofS. 0 MGD (34 75 gpm) prior to the existing Aerators 

1. Blended Well Field Flow TCE Concentration 0,464771520 jbs 
5.00 MG 

0.09288 Ibs/MG 
11.14 ppb 

38700 DDb'qpm 
3475 gpm 

11.14 ppb 
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Scenario Five evaluates a blended flow TCE concentration when operafing the WTP#1 at the 

current 5.0 MGD peak flow limited by the exisfing hydraulics, same as for Scenario Four. 

Scenario Five also assumes pumping all non-contaminated wells (#4A, #6 & #7) at their design 

flowrate (approximately 2,400 gpm or 3.456 MGD). The remainder of the groundwater (1,072 

gpm or 1.544 MGD) would need to be supplied by wells that are contaminated. Unlike for 

Scenario Four, Scenario Five assumes the highest historical TCE concentrafion measured for 

each of the four (4) contaminated wells. Therefore the management approach would be to pump 

the greatest flows from the least TCE contaminated wells. 

Results from this scenario also indicate that the blended plant influent can be less than 

the current MCL for TCE. Along with Wells #4A, #6 and #7 (uncontaminated) operafing at 

design pumping rate. Well #3 could be operated at design pumping rate along with 

approximately 275 gpm delivered from Well IA. A summary of this scenario is provided in 

Table 11: Wellfield Blending Scenario Five below: 

Table 11: Wellfield Blending Scenario Five 

Well No. 

WIA 

W2 

W3 
W4A 

W5 

W6 

W7 

Total Flow 
mended 

TCE 

Design Design 
Pumping Pumping 
Rate (gpm) Rate (MGD) 

600 

800 

800 
800 

800 

800 

800 

5400 

' • 

0,86 

1,15 

1.15 
1.15 

1.15 

1.15 

1.15 

7.78 

Scenario 
Flow* (gpm) 

275 

0 

800 
800 

0 

800 

800 

3475 

Scenario Flow* 
(MGD) 

0.40 

0.00 

1.15 
1.15 

0.00 

1.15 

1.15 

5.00 

TCE (ppb) 

8.6 

54.33 

4.93 
0 

36 

0 

0 

1.82" 

TCE (mg/L) 

0.0086 

0.0543 

0.0049 
0.0000 

0.0360 

0.0000 

0.0000 

TCE 
Mass 
(Lbs) 

0.0284 

0.0000 

0.0474 
0.0000 

0.0000 

0.0000 

0.0000 

0,0758 

TCE 
Weighted 

Mass 
(ppb'gpm) 

2365 

0 

3944 
0 

0 

0 

0 

6309 

. , : • . ' 

* Based on Design Pumping Rale- Information dated October 2008 from Forrest City Water Utilities -General Manager 

"Blended TCE concentration based on the total pumping Flow of 5.0 MGD (3475 gpm) prior to the existing Aerators 

1. Blended Well Field Flow TCE Concentration 0.075768566 
5.00 

0,0151416 
1.82 

lbs 
MG 

Ibs/MG 
ppb 

6309 DDb'qpm 
3475 gpm 

1.82 ppb 

Treatment Altematives Assessment 
Engineering Evaluation and Cost Estimate 
Forrest City. AR. • 

- 4 0 - August 2009 



Scenario Six predicts the maximum theorefical hydraulic delivery that can be produced 

by the wellfield and delivered to WTP #1 at or below the 5 ppb MCL for TCE. All four (4) 

contaminated wells were assumed to be at the highest historical TCE contamination. Based 

upon this analysis, it appears that approximately 5.93 MG could be delivered in a blended flow 

to WTP #1. This scenario requires maximum pumping of the uncontaminated wells (#4A, #6 

and #7) and operafing the least contaminated wells #3 and #1A at their design pumping rates. 

The addifional flowrate produced by the next lowest contamination, Well #5, could be up to 

approximately 320 gallons per minute in order to keep the blended flow at 5.0 ppb or less. 

A summary of this scenario is provided in Table 12: Wellfield Blending Scenario Six 

below: 

Table 12: Wellfield Blending Scenario Six 

Well NO. 

WIA 

W2 

W3 

W4A 

W5 

WB 
W7 

Total Flow 
utenaed 

TCE 

Design besign 
Pumping Pumping Scenario 
Rate (gpm) Rate (MGD) Flow* (GPM) 

600 

800 

800 

800 

800 

800 
800 

5400 

0.86 

1.15 

1.15 

1.15 

1.15 

1.15 
1.15 

7,78 

600 

0 

800 

800 

319 

800 
800 

4119 

Scenario Flow^ 
(MGD) 

0.86 

0.00 

1.15 

1.15 

0.46 

1.15 
1.15 

5.93 

TCE (ppb) 

8.6 

54.33 

4.93 

0 . 

36 

0 
0 

= 5.00 . 

TCE (mg/L) 

0.0086 

0.0543 

0.0049 

0.0000 

0.0360 

0.0000 
0.0000 

TCE 
Mass 
(Lbs) 

0.0620 

0.0000 

0.0474 

0.0000 

0.1379 

0.0000 
0.0000 

0.2473 

TCE -
Weighted 

Mass 

(ppb'gpm) 

5160 

0 

3944 

0 

11484 

0 
0 

20588 

•Based on Hydraulic nins made by Forrest City Water Utilities -dated January 2006 
'Blended TCE concentration based on the total pumping Flow of 5.96 MGD (4137 gpm) prior to the existing Aerators 

2. Blended WTP#1 Well Field TCE Concentration 0.247253645 
5.93 

0.041685827 
5.00 

lbs 
MG 

Ibs/MG 
ppb 

20588 
4119 

5.00 
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It should be noted that these evaluafions have not considered TCE reducfion that 

appears to be provided by the existing WTP #1 aerators. This removal efficiency, based upon 

data provided by the Water Utility Staff, appears to be approximately 52 percent based upon an 

influent TCE concentrafion upstream of the aerators of 17.89 ppb and a post aeration 

concentration of 8.60 ppb. These results however are based only on Well #2 (approximately 

776 gpm) operating at the time. TCE removals provided by the exisfing mulfi-cone aerator 

system are not considered to be predictable at higher influent flowrates. 

It is apparent by the previous analysis that under certain groundwater pumping 

scenarios achieving regulatory compliance with the TCE MCL is possible. The risk in relying on 

this method is the variable efl'ect that continued pumping of contaminated wells will have on the 

TCE concentrafion produced by a given well. This method also may become less reliable over 

fime as the wellfield is pumped. Historical levels have had tremendous swings in concentrafions 

that appear to be related to how long a particular well is operated. Extended operafion of a 

contaminated well has not been performed to predict the long-term concentrafion trend. It is 

apparent that resting a well has the effect of providing temporary reductions in TCE 

concentrafions. 

In order to implement a management approach of this type it would be imperative that 

individual flow meters be installed on each well pump as well as an appropriate flow control 

device. Although flow control is not currently practiced, a valve would provide the simplest 

method of control. Controlling flowrates with a valve however is not recommended because of 

the wasted electrical power costs. A variable frequency drive (VFD) installed on the pump 

motor (integrated into the existing plant control system) would be a much better solufion for 

throttling flow produced at a well. Electrical power is not wasted as the speed of the motor is 

varied by the VFD to control the pump delivery from the well. More calibrated control of the 

flowrates can be achieved by varying motor speeds (automafically if incorporated into plant 

control logic) as compared to inducing headless through a throttling valve. 

Ufilizing this method will also reduce the full potential of this supply/treatment system at 

WTP #1. Maximum flows produced would be limited to meefing an MCL for TCE rather than 

geological, hydraulic or treatment capacity that may provide addifional capacity. 

Another important considerafion in ufilizing this method is the increased analyfical costs. 

Groundwater management would require an appropriate frequency in testing to verify individual 

well TCE concentrations as well as verifying the blended flow concentrations delivered to the 

system. 
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5 TREATMENT ALTERNATIVES & DESIGN PARAMETERS 

There are several commonly used unit treatment processes that can be utilized to 

remove VOCs (volafile organic compounds), including TCE, from groundwater. These include: 

adsorption, air-stripping, oxidation/biological and reverse osmosis processes. Two treatment 

processes, carbon adsorption and air-stripping units are considered to be the most viable, 

suitable and widely accepted for potable water treatment purposes. These two technologies 

best meet the scale (design flows of the Forrest City system), common acceptance by the public 

water regulatory community and provide efficient and predictable contaminant removal. Both of 

these treatment processes have been evaluated for applicafion at the Forrest City Water 

Treatment Plant #1. The following evaluation consists of the examination of the feasibility of the 

these processes in consideration of sizing, cost including both construction and long-term 

operation and maintenance, advantages and disadvantages of the technology and 

implementation specifically at the City of Forrest City WTP #1. The following design 

parameters were assumed and used throughout this evaluafion: 

Design Flowrate to Treatment Process 

Design Influent TCE Concentration 

Design Effluent TCE Concentrafion 

3,475 gallons per minute 

(5.0 MGD-based on stated 

hydraulic capacity of exisfing WTP 

#1) 

36 ppb (̂ g/1) 

(based upon Well #4A, most 

consistent historical concentrafion) 

5 ppb ( îg/l) 

(current MCL) 

5.1 Carbon Adsorption System 

5.1.1 General Technology Description 

Adsorpfion, commonly using activated carbon as the adsorbent media, is known to be an 

effective water treatment process for the removal of volafile organic compounds. The 

adsorption process is a physical surface phenomenon where an adsorbate (the contaminant in 

this case) is removed from the contaminated solution and held onto the surface of the adsorbent 
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(activated carbon) by various types of chemical and physical forces present. The 

contaminant(s) to be removed is adsorbed and held onto the suri'ace (and interspatial surfaces 

or pores) of the solid adsorbent unfil the adsorbent no longer has the ability to accumulate any 

additional adsorbate. Granular Activated Carbon (GAC), specifically liquid phase carbon 

adsorption, is what is most commonly used as an adsorbent due to it higher adsorpfive capacity 

to achieve reduction of certain organic chemicals (semi-volafile and volafile organics) and 

chlorine compounds from contaminated waters. GAC is an effective adsorbent medium due to 

its high surface area to volume ratio. Its surface area can range from 300 to 1200 square m /̂g. 

for typical commercial activated carbon. 

Design considerafions for this technology depend on a number of factors. These include 

the physical and chemical properties of the carbon that relate to media performance, the nature 

and concentration of the contaminant to be removed (as well as others also present) in the 

influent stream, temperature and pH of the water, design flow rate, desired effluent 

concentrafions and applicable regulatory agency requirements. 

The life expectancy or effectiveness of the adsorbent media (GAC) depends upon the 

adsorpfive capacity of the media (quality of the media and its surface area to volume rafio), the 

influent contaminant concentration of the influent water stream and the length of time the 

influent stream is resident in the media bed. For a GAC unit, the removal of the organic 

compound (TCE in this instance) is measured by the mass transfer zone and the breakthrough 

Capacity of the unit. Therefore, when sizing a GAC unit, considerafion is given to the "mass 

transfer zone", which is the carbon bed depth required to reduce the influent stream 

contaminant concentrafion to the required effluent stream concentrafion. The second design 

factor is the "breakthrough capacity', which is the amount of contaminant material adsorbed 

(adsorbate) as the mass transfer zones moves through the carbon bed and reaches some final 

concentrafion level. For typical water treatment applicafions (where an MCL or treatment goal 

for an acceptable contaminant level is defined) the term breakthrough point is used to define the 

point 'at which adsorpfion is not occurring at an adequate level to reduce the influent 

contaminant concentrafion to the desired effluent concentration. This "point" is usually 

expressed in units of fime (days), assuming a constant influent contaminant concentrafion and 

influent flowrate through the media. When this point is reached the media is considered "spent" 

and no longer providing the performance required to achieve the desired effluent quality. The 

saturafion capacity of GAC is achieved when adsorption of the contaminated no longer occurs 

and the treated effluent contaminant concentrafion equals the influent concentration. 

Typical breakthrough and saturation capacities for GAC media are based upon one 
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contaminant present. Other contaminants present in the influent stream may impact the actual 

performance of these units as they complete for sites on the carbon surfaces. When designing 

these units, considerafion should be given to the inorganic composifion (such as iron, 

manganese, and calcium salts or precipitates) of the water; since high levels could interfere with 

the adsorpfion process. Water hardness also has an impact on the effectiveness of the 

adsorpfion process as scaling or lime deposits tend to plug the media and the number of pore 

sites available on the carbon. Depending on the levels and nature of these other contaminants 

in the influent stream, pretreatment upstream of the GAC units may be required in the treatment 

train to avoid issues impacfing the performance of the adsorpfion process. 

Another related design considerafion when sizing GAC units, is providing for an 

appropriate contact fime in the media bed. The EBCT {empty bed contact time in minutes) is 

estimated by the total volume of the acfivated carbon be!d divided by the liquid flow rate through 

the media. Typically an EBCT contact time of 15 to 20 minutes is normally adequate for 

drinking water systems. Increasing the contact fime (by providing additional media in the 

treatment vessel) will increase the bed life or service time of the carbon, therefore decreasing 

the activated carbon usage rate. However, the increase of the EBCT or bed depth at a constant 

hydraulic applicafion can impact the treatment cost. The capitol cost of the treatment unit may 

be greater if larger treatment vessels are required to hold the addifional GAC media. Offsetting 

this increase may be a reducfion in the operafion costs if less frequent spent carbon removal 

and fresh carbon replacement is required because of the additional media provided. 

In some cases, in order to better design, predict and evaluate how long the carbon 

media will effecfively funcfion, a pilot study may be recommended. A pilot study could be easily 

done by running one unit for a period of time to demonstrate that the chosen carbon type 

effectively removes the TCE to the desired effluents levels and to verify if addifional 

pretreatment is required at the plant to reach desired levels of quality before treatment 

continues. Depending upon vendor recommendafions, modeling and/or bench scale testing 

may be performed. 

5.1.2 Advantages/Disadvantages 

Advantages: 

One of the main advantages of carbon adsorpfion is the simplicity of operafion that this 

process provides and the rapid implementafion of these systems. These units are typically 

constructed of a welded-steel vessel (pressure tank) and look very similar to a common 

pressure filter tank. However, unlike pressure filters, operafional requirements are reduced (i.e. 

backwashing). Mulfiple vessel installafions are common and standard piping connections easily 
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facilitate operafion in parallel or series (or combinations of both) to achieve the required 

treatment objectives and media service life. There are many commercial entities that can 

supply the equipment for this technology and who will provide follow-up carbon removal and 

replacement services. 

This technology can be utilized in cold weather climates without enclosing within a 

building as long as the flow is confinuous or frequent enough to avoid freezing. The footprint of 

the treatment process will depend upon the size and number of the units required. Space 

between the units is typically not excessive, providing adequate allowance for piping and access 

to the vessels for carbon removal and replacement operations. 

Disadvantages: 

Granular acfivated carbon adsorption systems need to be serviced periodically for 

general maintenance but more importantly to provide fresh carbon when the carbon media is 

spent. Carbon removal and replacement (and/or regeneration) in exchange for fresh carbon is 

an operafion and maintenance cost for this type of system that may have a substantial impact 

on its life-cycle cost and acceptance over other applicable technologies. The cost for disposal 

of the saturated or "spent" acfivated carbon can be quite high depending upon the classification 

of it as a waste. Regeneration of the spent media on-site is rarely economically advantageous 

because of the cost of the thermal equipment required to destroy the contaminants held on the 

media surfaces. 

Off-site removal is more common for these systems as media vendors typically either 

dispose or regenerate the media off-site. The cost for off-site removal and handling can vary 

depending upon the vendor. The cost for removal and off-site handling and ulfimate disposifion 

will depend upon whether the spent carbon becomes a listed or regulated hazardous waste 

under the Resource Conservafion and Recovery Act (RCRA). If the spent carbon used at the 

site is considered a listed hazardous waste or shows RCRA hazardous characterisfics, or 

exceeds the toxicity test levels, the waste disposifion costs increase. 

Common GAC units operate under a closed vessel pressure condition. As a result, a 

pressure headless is created as the flow passes through the media contained in the vessel. 

This pressure loss, plus any upstream piping/valving headlosses and the pressure required 

downstream of the process unit, must be provided at the inlet to the GAC unit. If this pressure 

loss is greater than what the exisfing system can accept or facilitate, a booster pump may be 

necessary to provide the additional pressure to pass the water through the carbon adsorbers or 

an alternate locations be identified for the GAC units in the overall treatment train. 
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6.1.3 Applicability to the Citv of Forrest Citv WTP #1 

5.1.3.1 Design Considerations 

For this evaluation several GAC vendors were consulted to determine preliminary sizing 

of a carbon adsorpfion treatment system that would safisfy the requirements of the City of 

Forrest City Water Treatment Plant #1 conditions. Based upon the design flow of 5 MGD (3475 

gpm), an influent concentrafion of 36 ppb of TCE and an 5 ppb or less effluent TCE 

concentrafion, the required GAC system would likely consist of at least ten (10) liquid phase 

carbon vessels (plus two (2) extra to serve as an addifional train for back-up operations), 

totaling 12 units. Each vessel would be loaded with 20,000 pounds of virgin grade NSF-

approved carbon. 

The ten (10) primary vessels would be designed to operate as five (5) parallel trains of 

two (2) vessels in series. Assuming an equal distribufion of the total influent flow (3,475 gpm) 

each of the five (5) parallel trains would be treating 695 gpm. This arrangement will provide and 

empty bed contact fime (EBCT) of 15.69 minutes. 

With two (2) vessels operafing in series for each of the five (5) parallel trains, a total of 

40,000 lbs (2 vessels at 20,000 lbs per vessel) of GAC media is estimated to have a 

breakthrough point of 550 days when operating confinuouslv at the 695 gpm split flowrate. This 

breakthrough point translates to a treated volume capacity of 550,440,000 gallons for each train 

before the treated effluent would not achieve the 5 ppb MCL. In other words, the total media 

capacity contained in all of the 10 vessels can treat approximately 550 MG to levels below the 

MCL. The average carbon usage rate would be approximately 364 lbs per day or 11,060 lbs 

per month. 

Typically the first of the two vessels in series will experience breakthrough first (since it 

treats the highest concentration of influent). It is estimated that the breakthrough point on the 

first vessel will be 220 days. While it is not necessary to change out the media at that particular 

time (as the second vessel in series removes the TCE that the first vessel no longer has the 

capacity to achieve), most installations implement carbon removal and replacement of fifty 

percent (50%) of the vessels at approximately mid-cycle of the overall breakthrough point. This 

procedure provides a more consistent and balanced approach to media replacement rather than 

mass removal and replacement of the enfire system at the end of the total breakthrough point 

cycle. The average remaining life of the media available is much more uniform and the cash 

flow costs for media replacement are spread out more evenly. Therefore approximately 
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100,000 pounds of the 200,000 pounds of GAC would be removed and replaced every 275 lo 

300 days. 

It should be noted that estimates for these operafing and media replacement cycles are 

based upon a constant influent flowrate and influent TCE concentration. Increastng the flowrate 

or treating a higher concentrafion of influent TCE will shorten the breakthrough point as the 

media is exhausted quicker. The opposite is true if the influent flowrate or influent TCE 

concentration decreases because the miedia will be exhausted at a slower rate. 

The previous discussion also assumes that the effectiveness of the carbon media is not 

significanfiy impacted by other consfituents in the influent flow stream. As idenfified previously 

other chemicals and compounds have an affinity for carbon and may compete with the removal 

of the TCE. Influent water hardness may also be a factor, however as discussed later the 

proposed location for the GAC system is downstream of the treatment processes that are 

available at WTP #1. 

5.1.3.2 Location/Logistics 

Implementafion of GAC treatment for the removal of TCE at the City of Forrest City 

WTP#1 can be easily accommodated. This process could be inserted into the exisfing WTP#1 

process scheme in more than one locafion; however the proposed locafion that provides the 

most flexibility, least impact to the exisfing plant and requires less ancillary equipment to support 

is immediately downstream of the high service (HS) pumps, just prior to entering the water 

distribufion system. This location provides a number of benefits including allowing maximum 

benefit of the existing WTP#1 unit treatment processes. The GAC unit would be located 

downstream of all the process equipment. Therefore if pilot scale tesfing of the GAC is 

conducted and water softening is required or necessary for carbon adsorption to work efficienfiy, 

the exisfing WTP#1 equipment could be ufilized to provide this hardness reduction. 

There is a hydraulic pressure loss (in the range of 2 to 15 psi depending on the flowrate 

and the unit configuration (parallel or series)) as water passes through the media and the height 

of the vessels is approximately 20 feet. This stafic head and operafing headless is greater than 

what the exisfing hydraulic profile (gravity flow conditions) of the water treatment plant can 

deliver to insert the GAC units within/between the existing processes. As a result, a pump 

would be required to incorporate the GAC units anywhere else in the plant flow scheme. 

Locafing the GAC units just north of the high service pump room (see Photo 23: 

Proposed Location of GAC Units) is the proposed physical location. Each unit is approximately 

10 feet in diameter. Allowing a 5 foot clearance around each tank would require a site that is 
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approximately 40 feet by 100 to 120 feet (providing an allowance for a stand-by pair of vessels). 

A physical connection to the water line exiting the high service pump room would be proposed 

to connect to a manifolded influent line to the GAC system. Another connection downstream 

would be made to accommodate the GAC manifolded effluent line connection to the water main 

leading to the water distribution system. A valve (normally-closed) between these connections 

would provide a GAC system by-pass. 

SOUDS 
COOTACT 

UNIT 

CHIMICAL STORAGE A 
FLUORIDE* CHLORINE 

"̂  «)OITION 

OUALMEDU 
nLTERS 

HIGH SSKVICE PUMl'S 

Photo 23: Proposed Location of GAC Units 

5.1.4 Cost Evaluation 

The following tables provide an opinion of probable cost for Capital Costs and Operation 

and Maintenance Costs for this alternative. Table 15: Liquid Phase Granular Activated Carbon 

Present Value Analysis provides a present value analysis for this alternative for comparison to 

other alternatives presented herein. 
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Table 13: L i qu id Phase Granu la r Ac t i va ted Ca rbon Capi ta l Cos t 

CAPITAL COST 
ITEM 
NO. 

1 

2 
3 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 

^ DESCRIPTION QUANTITY. UNITS 
UNIT PRICE 

($) 

Liquid Phase Granular Activated Carbon Adsorption Treatment 

CONSTRUCTION COSTS: 
Granular Activated Carbon System 

Assumotion: 12 units total consistina of 6 parallel trains of 2 
units in series. Sixth train is considered standby/redundant 
Each vessel is filled with 20,000 lbs of NSF 61 virgin grade 
carbon, vessels range from 10 to 12 feet in diameter. 16 to 18 

Freight and Delivery to Jobsite (sliipped in pairs) 
On Site Loading/Unloading of Equipment 
Site Work 
Security Fencing/Gates 
Yard Piping - connect to distribution system 
downstream of high service pumps 
Treatment Building (40 ft x 120 ft x 14 ft) 
Process Plumbing 
Electrical Siteworit and Interior 
Electrical Controls: -SCADA System 
System Start-Up 
Training 
Mobilization/Demobilization 

Subtofai-Construction Cost 

Contingencies 

Total-Construction Cost 

Professional Services/Indirect Costs: 
Pre Design Testing/ Pilot Study 
Project Management 
Engineering (Design & Constnjction Phase) 
Supervision & Administration/Construction 

Total-Professional Services/Indirect Costs 

Total Opinion of Project Capital Cost 

1 

6 
1 
1 
1 

1 
4800 

1 
1 
1 
1 
1 
1 

25% 

1 
6% 
12% 
8% 

LS 

LOADS 
LS 
LS 
LS 

LS 
SF 
LS 
LS 
LS 
LS 
LS 
LS 

EA 

$950,000 

$10,000 
$12,000 
$25,000 
$15,000 

$20,000' 
$80 

$25,000 
$50,000 
$50,000 
$15,000 
$5,000 

$20,000 _ 

-

$20,000 

— 

= 

COST ($) 

$950,000 

$60,000 
$12,000 
$25,000 
$15,000 

$20,000 
$384,000 

$25,000 
$50,000 
$50,000 
$15,000 
$5,000 

$20,000 

$1,631,000 

$407,800 

$2,038,800 

$20,000 
$122,300 
$244,700 
$163,100 

$550,100 

$2,588,900 
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Table 14: Liquid Phase Granular Activated Carbon Operation & Maintenance Cost 

OPERATION AND MAINTENANCE COSTS 
DESCRlPTiON QUANTITY UNITS UNIT PRICE TOTAL 

Uquid Phase Granular Activated Carbon Adsorption Treatment 

ANNUAL OCCURRING COSTS: 

General System Operat ion and Maintenance: 
Labor Costs: 

Assumplion: 2 hrs/day x 365 dayfyr 730 HRS 
System Performance Monitoring/Sampling: 

Assumption: 3 samples per process train (upstream and 
downstream of each vessel)/event x 5 parallel process trains x 1 
event/month X 12months/yr 180 SAMPLES 

Miscellaneous Expenses 1 EA 

Subtota l -General Sys tem O & M 

GAC Remova l . Rep lacemen t D isposa l 
Carbon removal and replacement with new virgin 
material 

Assumption: Breakthmugh of first vessel is appmximately 220 
days and second vessel in series is 550 days. Therefore 
replace one exhausted vessel carbon every 330 days (550-220 
days). This is approximately once per year for each offfie five 
(5)operati 100,000 LBS 

Disposal of Spent Carbon: 
Assumption: Following removal and replacement schedule, 
assuming non-hazardous classification and a spent carbon 
profile fonn being approved by a regeneration facility 100,000 LBS $0.50 $50,000 

$40 

$125 
$5,000 

$1.60 

$29,200 

$22,500 
$5,000 

$56,700 

$160,000 

Subtota l -GAC Remova l , Replacement , D isposa l $210,000 

Tota l -Annual O c c u n i n g Costs $266,700 

NON-ANNUAL OCCURRING COSTS: 

Project Years Cost 
Tank Coating & Repairs 

Assumption: Tank vessel interior and exterior recoating for 12 
vessels @ $5,000 per vessel 10, 20 $60,000 
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Table 15: Liquid Phase Granular Activated Carbon Present Value Analysis 

PRESENT VALUE ANALYSIS 
DESCRIPTION QUANTITY UNITS UNIT PRICE TOTAL 1 

Uquid Phase Granular Activated Carbon Adsorption Treatment 

Total Project Cost Summary O&M Costs: 
Assumptions: 

Project Life 20 yrs 
Discount Rate 3% 

Project Capital Cost 
Annual Occurring O&M Costs 
Non-Annual Occuring O&M Costs: 

Year 
Year 

Total Present Value of Project 

10 
20 

Cash Flow 
$2,588,900 

$60,000 
$60,000 

Annuity 

$266,700 

Present Value 
$2,588,900 
$3,967,823 

$44,646 
$33,221 

$6,634,589 
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5.2 Air Stripping 

5.2.1 General Technology Description 

Air stripping and aerafion systems are also widely used in water treatment for the 

removal of volatile organic compounds (VOCs), ammonia (NHS), carbon dioxide (CO^), 

hydrogen sulfide (H2S) and radon from drinking water. The basis for the air stripping process is 

the mass transfer of dissolved VOCs in water from the liquid phase to the vapor (gas/air) 

phase. Air strippers remove VOCs from liquid (water) by providing contact between the 

contaminated liquid and a gas (air). The contaminant is "stripped" from the liquid and converted 

to a vapor phase component in the gas (air). The contaminant (in the vapor phase) is then 

typically released to the atmosphere (or may be removed by off-gas treatment systems, typically 

vapor phase carbon adsorption units). Air quality standards and Regulatory permitting 

requirements dictate the appropriate release or treatment requirements for the off-gas 

generated by the air strippers. 

The ease and efficiency of the mass transfer of the contaminant to be removed (VOCs) 

to the vapor phase is dependent upon the Henry's law constant for the contaminant to be 

removed. At equilibrium, the partial pressure of a gas above a liquid is directly proportional to 

the mole fracfion of the gas dissolved in the liquid. This proportionality is known as the Henry's 

law constant. The value of the Henry's law constant (H) is an important part in determining 

whether the contaminant is amenable to stripping and impacts the process design and operating 

parameters for air strippers. Temperature and the presence of other contaminants (including 

inorganic components) in the water to be treated impact the value of the Henry's constant. 

Air stripping is effective only for water contaminated with VOC or semi-volatile 

concentrations with a Henry's constant greater than 100 atm. The higher the Henry's Law 

constant, the more likely substances will volatize rather than remaining in water. Compounds 

with low volatility at ambient temperature may require preheating of the groundwater. 

An important process design consideration for air strippers is the ratio of the volumetric 

air flow to the volumetric water flow (AA/V). This is referred as the "air to water ratio" (i.e., CFM 

air to CFM water). The opfimum value of the air to water ratio varies for different VOCs (based 

upon their respecfive Henry's constant) as well as the influent concentrafion and expected or 

desired effluent concentration following stripping. 

Air strippers transfer contaminants from one medium to another (liquid to gas) and 

therefore there is no destrucfion of the contaminant. Consequently, consideration must be 
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given to the off-gas generated by this technology. Typically the mass of the contaminant 

stripped and discharged from the unit does not pose a health risk or require further treatment to 

remove it from the air stream. In that instance the off-gas is discharged directly to the 

atmosphere. However each situation does require analysis to confirm this condition and proper 

compliance and coordination with appropriate regulatory air permitting requirements. Off-gas 

treatment can be incorporated if the mass removed is sufficient enough to require it. Off-gas 

treatment can be provided by several methods, most commonly it is provided by vapor phase 

carbon adsorpfion. 

Operating concerns for air strippers include pretreatment or periodic column cleaning 

required because of the presence of other contaminants in the influent water including inorganic 

compounds (including calcium hardness, iron and manganese). Other contaminants that may 

be produced in the stripper if not properly maintained include algae, fungi, bacteria, or flne 

particles deposifion. The air stripping process also requires a substanfial amount of power to 

operate. Power is required primarily for the aeration equipment (blowers) and may be required 

for influent and effluent pumping from the unit depending upon its locafion in the overall 

treatment process. 

5.2.2 Air Stripping Type Alternatives 

There are several types of air stripping systems available. These generally are 

differenfiated by the presence or non-presence of a packing media material, the method of 

providing the aeration and the relafionship of the liquid flow to the air flow. 

Packing media material is provided in some stripper designs to enhance the surface 

area available for contact between the liquid and the air flow resulting in a smaller process unit 

volume. This media is typically a manufactured product designed specifically for this purpose. 

The method for providing the aeration or air flow through the stripper is generally either 

referred to as a "forced" draft or an "induced draft" style system. The primary distinction is 

where the blower unit is located with respect to the stripper unit. Blower units for "forced draft" 

systems are located upstream of the media (or sieve trays). The blower forces air under 

pressure through the stripper. Conversely, "induced draft" style units locate the blower on the 

exhaust side of the stripper to induce (draw or pull) air flow through the stripper. 

The relationship of liquid flow to air flow in an air stripper is predominantly either 

countercurrent, where the liquid flow and air flow are opposite to each other, or co-current 

where the liquid flow and air flow are in the same direction. 

Two of the most common air stripper design styles used for water treatment are the 

Packed Column and the Sieve Tray. Either of these styles can be applicable to the Forrest City 
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WTP. A discussion of both styles is presented in the following including design and 

operational/maintenance considerations with regard to the selection of the most appropriate 

style. 

5.2.2.1 Packed Column Air Stripper 

Packed column (or tower) air strippers typically are constructed of a vertical cylindrical 

column containing an engineered packing media. A liquid distributor or spray nozzle is located 

above the media for introduction of the contaminated water to the unit. An air distributor is 

located below the media to facilitate introducfion of the air flow to the unit. Contaminated water, 

pumped to and introduced at the top of the unit, generally flows downward by gravity through 

the packing media, while at the same fime air is introduced at the bottom of the column and 

flows upward through the media (counter-current flow). The purpose for the packing media is to 

provide a larger surface area and contact fime for the air/liquid contact to occur. This facilitates 

the transfer of VOCs from the liquid to gas phase. ^ 

Treated water exits the bottom of the stripper while the exhaust air (off-gas) containing 

the volafized materials exits the top of the unit. Off-gas is either directly released to the 

atmosphere for natural dissipation/natural degradation or further treated for removal in the vapor 

phase. Off-gas treatment requirements are predicated upon regulatory requirements as 

previously discussed. 

The air flow in a packed column stripper can be introduced in several ways. The most 

common applicafion is the counter-current method however other methods can be ufilized. In a 

cross-flow system the air flows across the tower packing at a 90 degree angle to the direction of 

the water flow. In the cascade system, air Is introduced at various points along the tower and 

flows countercurrent to the water flow. These two alternative systems can provide larger airflow 

rates at lower gas pressure drops, thus providing a greater driving force for stripping making it 

more efficient to remove contaminants with lower volatility. These variants are used when very 

high air-to-liquid ratios are required to remove semi- and low-volatility contaminants from water. 

Auxiliary equipment for packed column strippers may include an air heater to improve 

removal efficiency, any necessary air emission treatment system, and various cleaning systems 

designed to improve the effectiveness of periodic stripper cleaning. 

5.2.2.2 Low-profile sieve tray column or low profile 

The sieve tray or low-profile tray air strippers operate similariy to the counter-current 

packed column air stripper. The primary difference is that no packing media Is used. Rather 
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than providing media for extending the surface area for liquid/air contact, a series of perforated 

trays are stacked vertically to provide this area. Water flows across these trays as air is 

introduced through the small holes perforated at the bottom of the trays. Water depth across 

each tray is controlled by a weir at the end of the tray. Water exits over the weir of one tray 

through a downcomer to the next lower tray. Water continues to flow downward from one tray 

to the next, tray by tray, as the air flow confinues to be bubbled through the perforations. The 

volatilizafion occurs as the air contacts the flowing liquid. Water exifing the bottom tray is 

discharged to the stripper sump below. 

Many tray stripper designs include a clear visual side panel for monitoring performance 

and tray conditions as well as easy access for tray removal for cleaning. As with packed 

column strippers auxiliary equipment can be provided (air heaters and off-gas treatment). 

5.2.3 Advantages/Disadvantages 

Advantages: 

• Air stripper systems, regardless of the type or style of the stripper selected, can be 

designed to be effective in removing 95-99% of most VOC contaminants over a wide variety of 

flowrates and influent concentrafions. These units are considered a common technology in 

providing this treatment for potable water systems. Air strippers, unlike carbon adsorption 

systems, do not generate a waste product requiring further handling/recycling or disposal 

(unless an off-gas vapor phase carbon adsorption system is required). These systems are 

relafively easy to operate and maintain if fouling or interference from other inorganic compounds 

can be controlled or reduced. Mechanical support equipment for these systems includes the 

aeration source (blower) and any necessary water pumping necessary on the influent or effluent 

side of the process to incorporate it into the remaining/exisfing water treatment process. 

Air strippers can be designed and installed in multiple vessel parallel treatment units. 

Some of the more common larger individual units can be supplied in capacities of up to 1,000 

gallons per minute. Vendor sources for supplying this process technology are also numerous. 

The footprint of the process units is relafively small and will vary depending upon the 

style of the stripper selected. Packed column strippers typically require the smallest footprint as 

the column height can be increased to accommodate larger flowrates and/or influent 

concentrafions. Tray strippers are also stacked to accommodate larger flowrates and/or influent 

concentrafions; however the common base footprint is typically larger than for packed columns 

because the maximum height is typically less to accommodate access for maintenance and 

cleaning. 
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Disadvantages: 

Air stripper systems are commonly housed within a building or enclosure, particularly 

when constructed and operated in cold climates. This is predominanfiy the case for the tray 

style strippers than for the packed column systems, however special provisions can be 

incorporated to avoid or minimize the potenfial for freezing. The other considerafion to factor 

into the appropriate housing is the range of temperatures of the air source supply. Air stripping 

efficiency is diminished by the temperature of the incoming air temperature. Therefore the cost 

of implementing this process technology can be inflated by the level of provisions deemed 

necessary to support cold season operation. 

The cost of operafing an air stripper system is predominantly based upon the energy 

cost of power to supply the aeration system (blowers). Addifional considerafion must be given 

to the effort that will be necessary to periodically clean any scaling or fouling that may occur on 

the media in a packed column system or on the trays of a tray style stripper. The greater the 

presence of calcium hardness, iron or manganese in the influent, the greater the effort and 

frequency of periodic cleaning will be necessary. 

Packed Column versus Low Profile Tray Stripper: 

These air strippers can operate over a wide range of air flow rates. So if the water flow 

rate to the stripper decreases, then the air flow can be decreased. The rafio of air to water flow 

is lower for a packed tower stripper than for the low profile tray stripper. Therefore, the packed 

tower will have a smaller cross-secfional area as compared to the low profile stripper for the 

same treatment conditions. The efficiency of the packed column stripper increases as the 

packing height increases. Since the pressure drop through the packing media is relatively low, 

a smaller blower and motor can be used versus that for the same capacity tray stripper. The 

expected electrical operafing cost for the packed column stripper would therefore be less than 

for a tray stripper. Although packed column units are narrow, typically the columns are tall, 

ranging from about 15 to 40 feet high. This height, as well as the hydraulic head necessary to 

deliver the influent water to the top of the column, can present concerns with regard to sifing 

these units or present the need for addifional pumping. Packed column strippers are also more 

difficult to provide periodic cleaning because of the limited access to the media and the depth 

(height of the tower) of the media bed. If the media cannot be adequately cleaned, the fouling 

buildup remaining can reduce the air flow rate through the system, making the packing less 

efficient. This increases the cost to operate and maintain. Chemical solutions may be used to 
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assist in cleaning the packing; othenwise the media must be removed and cleaned outside of the 

column. 

Low-profile tray strippers, as compared to packed column strippers, are smaller and 

more compact units. Larger units provide additional treatment capacity by increasing the 

number of trays stacked vertically. The maximum total height is typically less than 12 feet, 

allowing easier access to the trays for disassembly in providing periodic cleaning. Since no 

media is used, cleaning is required occasionally on the trays only to ensure that the perforafions 

remain unplugged and that fouling or encrustation of the trays is removed. Low profile tray air 

strippers however require significantly more air flow rate than the convenfional packed tower for 

the same VOC removal conditions. Due to the high air flow rate and high pressure drop through 

a low profile unit, a larger blower and motor is used, increasing the overall electrical operating 

cost for these units.. 

While the conventional packed columns can operate over a wide range of water fiows, 

low profile air stripper units are commonly limited to water flow rates of less than 1,000 gpm. 

Depending upon the design flowrate, multiple units may be required to operate in parallel to 

provide the required capacity. Multiple unit installations however provide better operating and 

redundancy benefits. 

Low profile tray strippers require a greater surface area for siting considerations, but 

offer the trade-off benefit of lower finished height installafions (less than 12 feet unit process 

height). This potenfially allows for more convenient locafion hydraulically in the treatment 

process that could eliminate additional influent or effluent pumping considerations. 

5.2.4 Applicability to City of Forrest City WTP #1 

5.2.4.1 Design Considerations 

The air stripping process technology is very applicable for providing the treatment 

requirements necessary at the City of Forrest City WTP. The hydraulic design capacity 

requirement of 5 MGD (3475 gpm) and the treatment performance requirement of reducing a 

design influent concentration of 36.0 ppb, TCE down to an MCL level of less than 5 ppb in the 

treated effluent stream are well within the capabilities of this process technology. Both 

variations of this technology, packed column and low-profile tray strippers, are considered 

applicable to the City of Forrest City installation and are examined in the following evaluafion. 

For this evaluafion several potential air stripper vendors were consulted to determine 

preliminary sizing, configurations and costing information applicable to the City of Forrest City. 
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These vendors represent a small sample of potenfial companies engaged in the design and 

manufacturer of air strippers, and as such should not be considered an endorsement of any 

particular manufacturer. Preliminary design evaluation and cost estimates for both types of air 

strippers, packed column and low-profile sieve tray, are provided in the informafion that follows. 

This analysis is based upon a design flow of 5 MGD (3475 gpm), a design influent concentration 

of 36.0 ppb, TCE, an assumed influent temperature of 50 degrees F and a treated effluent TCE 

concentration down to or below the MCL level of 5 ppb. 

The following discussion assumes that pre-treatment, hardness reducfion or special 

chemical cleaning systems are not necessary to use air strippers for TCE treatment at the City 

of Forrest City Water Treatment Plant. These may become necessary, based upon further 

water analysis or pilot-scale tesfing, in order to make the air stripper systems less prone to 

fouling or require less-frequent cleaning intervals. It is anticipated, based upon available water 

quality information (presented previously), that the influent stream will be acceptable for using 

an air stripper system without providing these additional considerations. Iron, manganese, TDS 

and TSS are relatively low at the Forrest City WTP. Current hardness levels are considered 

borderline but low enough not to cause a significant concern for application of the technology. 

Another consideration that could impact the air stripper design and cost is the 

appropriate handling of the off-gas generated. It is anticipated that the off-gas mass generated 

will not require further treatment in the vapor phase (by vapor phase carbon adsorption or 

thermal destruction/oxidation) and can be directly discharged to the atmosphere. A more 

detailed analysis of the total expected mass to be produced should be performed to determine 

the appropriate treatment and/or permitting action required to comply with regulatory agency 

requirements. 

Packed Column Air Stripper -This alternative would consist of two air stripper units; the 

second unit would be considered a redundant back-up unit. The units would be designed to 

operate in parallel; each unit would be capable of fi-eating the total design flow of 3475 gpm (5 

MGD). This arrangement will provide flexibility during operafion to alternate units during any 

down fime (periodic cleaning or otherwise) without affecting the treatment process. A forced 

draft blower would be provided to create the airflow. Typically the column of these air stripper 

units is constructed of aluminum, stainless steel or a fiberglass reinforced plastic (FRP) 

material. The aerator column geometry dimensions and the packing media material for the air 

stripper varies depending upon the packed-column air stripper vendor. The City of Forrest City 

WTP site does not appear to be a limifing factor in selection or sifing of this style of stripper 

system. Two packed column air stripper geometry configurations are considered. 
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The first configuration is a pair (2 units total) of pre-engineered/manufactured aluminum 

forced draft air stripping system built of non-circular (rectangular or square) geometry. The unit 

examined is a 12 feet by 12 feet (nominal) square structure with a height to the influent piping of 

16 feet-9 inches (16'-9"). A bed depth of approximately 10 feet of packing media (Jaeger Tri-

Pack #2) would be provided in each unit, providing approximately 85-90% reducfion in the TCE 

concentration. Air would be supplied in a forced draft configurafion via a 5.0 HP blower. The 

blower housing and collector pan is supported by four legs. An illustration of this unit is 

provided in Figure 4: Packed Column Air Stripper (Square Footprint). 

•.•Vj 5if?S^' «S' 

V.'iJHVi^^ STACKS 

1,?.)( H i ' KS '̂ii^v!KJ=v 

I t : 

fiai.v-CMD QyRf 

ailVAIH) 
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Figure 4: Packed Column Air Stripper (Square Footprint) 
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The second configuration is a pair (2 units total) of cylindrically-shaped packed column 

air strippers with forced draft aerafion. The column would be 138 inches (11'-6") in diameter 

and constructed of NSF-approved FRP. The unit would have an overall height of 23'-9" witii a 

water inlet height of approximately 20'-3". Each column would contain a 12 feet deep bed of 

packing media material (Delta-Pak). The efficiency for this type of system is rated about 88% 

for removal of TCE. Air is supplied to the column via a 20 Hp blower motor. A sump is located 

below the column for treated water discharge. An illustrafion of this unit is provided in Figure 5: 

Packed Column Air Stripper (Cylindrical Column). 
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Figure 5: Packed Column Air Stripper (Cylindrical Column) 
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Low-Profile Sieve Trav Air Stripper - For this alternative, the air stripper considered is a 

forced draft low-profile sieve tray air stripper unit. This alternative would likely consist of at least 

four (4) low-profile sieve tray air strippers. In this evaluation a fifth, totally redundant unit, is not 

considered. Since mulfiple units are proposed, providing full treatment (albeit at a reduced total 

flowrate) is possible with one unit out of service. A fifth unit, if required by applicable 

redundancy criteria, would provide a backup unit without reducing the maximum design flowrate 

during a temporary interrupfion in service of any one unit. 

For the system examined each stripper unit is rectangular in shape approximately 12'-4" 

by 6'-5" and constructed entirely of 304 stainless steel. The overall height of the unit is 

approximately lO'-IO" designed forthe full rated capacity of 1,000 gpm (using 7 trays), which is 

also approximately the height of the influent piping at that capacity. The four units would be 

piped to operate in parallel. Assuming an equal distribution of the total influent flow (3,475 

gpm); each unit would hydraulically treat a flow of approximately 869 gpm. At that flowrate and 

the influent TCE concentration of 36 ppb, only three (3) aeration trays would be required in each 

stripper to be supplied at the City of Forrest City, providing an overall TCE removal efficiency of 

89.4 % (3.8 ppb effluent concentration). This reduces the height of the stripper by 4 trays (each 

measuring 12.25" in height). Therefore the overall height for the units proposed for the City of 

Forrest City WTP would be approximately 5'-10". Each low profile air stripper unit is equipped 

with a 40 HP blower providing an airflow rate of 3, 500 cfm. An illustration of this unit is 

provided in.Figure 6: Low-Profile Sieve Tray Air Stripper 
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Figure 6: Low-Profile Sieve Tray Air Stripper 

5.2.4.2 Location/Logistics 

implementation of air strippers for removal of TCE at the City of Forrest City WTP #1 can 

be easily accommodated into the exisfing treatment process. The primary objectives for proper 

placement of the strippers are to locate them hydraulically in the exisfing plant hydraulic profile 

to eliminate the need for pumping to or from the units, and to locate them in an appropriate 

location that will not jeopardize the potential for future use of the process equipment in the 

exisfing plant. 

Based upon the hydraulic analysis performed on the transmission line to the plant and 
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delivery at the existing plant aerators, it would appear that both the packed column and the tray 

strippers could be accommodated. For the packed column stripper in particular (because of its 

influent piping height) the locafion would need to be at the head of the plant (at or just upstream 

of the exisfing cone aerators). The uppermost discharge from the existing cone aerators is 

25.45 feet above the pressure gage located in the plant influent meter pit. The influent piping 

height of the particular packed column stripper examined is 20'-3" which can be accommodated. 

The low-profile sieve tray units examined require a much shorter height (less than 6 feet) which 

allows this style to be located much further down the existing treatment process that at the head 

oftheplanL 

Since the discharge of all the air strippers is near the base of the units, without pumping 

the treated discharge, there is little or no pressure head left to drive the flow through any 

subsequent exisfing treatment units at the plant upstream of the finished water clearwell. 

Discharge from both stripper styles would therefore need to be direcfiy into the existing 

cleanvell. Because of this condition the usefulness of the packed column stripper style is limited 

without providing discharge pumping if consideration is given to ever using the exisfing WTP#1 

process equipment. It appears that a low-profile tray stripper, because .of its much lower influent 

piping height, provides the best choice when considering the ability to incorporate it into the 

original plant treatment process without providing a discharge pump from the stripper. While 

maintaining the full design capabilities of the existing plant, incorporating the air stripper 

downstream of the softening unit and sand filters also provides a direct benefit to the operafion 

of the air stripper (preventing scaling on the trays) if the softening process is ever brought back 

on-line. 

The proposed location for a low-profile tray stripper (and appropriate building) would be 

just south of the exisfing cleanwell (see Photo 24: Proposed Locafion of Air Stripper TCE 

Removal Units). The most convenient hydraulic connection could be made on the existing 30" 

filter influent pipe at the connections for piping that were made to allow direct discharge from 

this influent pipe into the clearwell when the flltration process was discontinued. Effluent 

discharge from the stripper would be piped directly to the finished clearwell. If filtrafion is 

resumed, the stripper influent piping could be connected just below the plant operafing floor 

where the fllters were originally designed to discharge into the clearwell. 

The size of the building for the air stripper system will depend on the stripper module 

size. Assuming a pair of packed column air strippers as examined, approximately 12 feet in 

diameter (if cylindrical) or 12 feet square (if square) and allowing a 5 foot clearance around each 

unit would require a building of approximately 40 feet by 20 feet. For a shallow tray air stripper 
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system as examined, with each unit approximately 12 feet long and 12 foot wide (including the 

blower) and allowing a 5 foot clearance around each unit would require a building of 

approximately 80 feet by 25 feet. 

EXISTING TREATMENT 
BUILDING 

AERAHO> UI I I . D I M : . 

PROPaSED LOCATION FOR 
TCE KI.MOVA1. .SYS TKM 

Photo 24: Proposed Location of Air Stripper TCE Removal Units 

5.2.4.3 Cost Evaluation 

The following tables provide an opinion of probable cost for Capital Costs and Operafion 

and Maintenance Costs for air stripper alternafives. These are provided for both geometry 

styles of packed column strippers (square and column) and for the low-profile sieve tray 

stripper. Tables following each of these opfions provide a present value analysis for 

comparison to other alternatives presented in this report. 
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Table 16: Forced Draft Packed Column Air Stripper (Square Style) Capital Cost 

CAPITAL COST 
ITEM 
NO. 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

; .— ,-
DESCRIPTION QUANTITY UNITS 

Forced Draft Packed Column Air Stripper (Square Style) 

CONSTRUCTION COSTS: 
Forced Draft Paclted Column Air Stripper 

Assiimpl̂ î n: Two (?) units .-second unit is con-iidered a 
standby/redundant unit. Packed bed depth is 10 feet thick of 
Jaeger Tri-Pak #2 media and cross-sectional area is 12 feet by 
12 feet. &ower capacity is 10,800 cfm, air/water ratio is 3.1 
cfm/gpm. b 

Freight and Delivery to Jobsite , included in above 
On Site Loading/Unloading of Equipment 
Site Work 
Security Fencing/Gates 
Yard Piping 
Connection to Existing Plant Piping/Clearwelt 
Treatment Building (40 ft x 50 ft x 20 ft) 
Process Plumbing 
Electrical Siteworl^ and Interior 
Electrical Controls: -SCADA System 
System Start-Up 
Training 
Mobilization/Demobilization 

Subtotal-Construction Cost 

Contingencies 

Total-Construction Cost 

Professional Services/Indirect Costs: 
Pre Design Testing/ Pilot Study 
i-TOjea Management 
Engineering (Design & Construction Phase) 
Supervision & Administration/Construction 

Total-Professional Services/Indirect Costs 

Total Opinion of Project Capital Cost 

2 

0 
1 
1 
1 
1 
1 

2000 
1 
1 
1 
1 
1 
1 

25% 

1 
b-yo 
12% 
8% 

LS 

EA 
LS 
LS 
LS 
LS 
LS 
SF 
LS 
LS 
LS 
LS 
LS 
LS 

EA 

UNIT PRICE 
($) 

$130,000 

$0 
$5,000 

$15,000 
$10,000 
$20,000 
$15,000 

$110 
$15,000 
$25,000 
$20,000 
$15,000 
$5,000 

$20,000 _ 

-

$20,000 

-

= 

COST($) 

$260,000 

$0 
$5,000 

$15,000 
$10,000 
$20,000 
$15,000 

$220,000 
$15,000 
$25,000 
$20,000 
$15,000 
$5,000 

$20,000 

$645,000 

$161,300 

$806,300 

$20,000 
*4ti,4UU 
$77,400 
$51,600 

$197,400 

$1,003,700 

• 

Treatment Altematives Assessment 
Engineering Evaluation and Cost Estimate 
Forrest City. AR. 

- 6 6 - August 2009 



Table 17: Forced Draft Packed Column Air Stripper (Square Style) Operation & 

Maintenance Cost 

OPERATION AND MAINTENANCE COSTS 
DESCRIPTION QUANTITY UNITS 

Forced Draft Packed Column Air Stripper (Square Style) 

ANNUAL OCCURRING COSTS: 
General Svstem Ooeration and Maintenance: 
Labor Costs: 

Af$(;/fjption; 2 hrs/day x 365 day/yr 7^n 

System Performance Monitoring/Sampling: 
Assumption: 2 samples oer event lone upstream and one 
downstream of train) x 1 process train x 1 event/month x 12 
months/yr 24 

Power Costs: 
5 HP Blower 
Assumption: SHPx 0.746 kW/HPx 24 hrs/davx 365 davsfi/ear 3?,fi7fi 

Miscellaneous Expenses 1 

Subtotal-General System O&M 

Total-Annual Occurring Costs 

NON-ANNUAL OCCURRING COSTS: 
Project Years 

Media Cleaning 
Assumption: Remove and acid clean media packino. assumina 
80 manhours per cleaning @ S40/f\AH and $ 1.000 in cleaning 
materials. 5, 10, 15, 20 

Blower Rehabiliation 10, 20 

HRS 

SAMPLES 

kW 
EA 

Cost 

$4,200 
$3,000 

UNIT PRICE 

$40 

$125 

$0.10 
$5,000 

TOTAL 1 

$29,200 

$3,000 

$3,287 
$5,000 

$40,467 

$40,467 
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Table 18: Forced Draft Packed Column Air Stripper (Square Style) Present Value 

Analysis 

PRESENT VALUEANALYSIS 
DESCRIPTION QUANTITY UNITS UNIT PRICE TOTAL 

Forced Draft Packed Column Air Stripper (Square Style) 

Total Project Cost Summary O&M Costs: 
Assumptions: 

Project Life 20 yrs 
Discount fiate 3% 

Project Capital Cost . 
Annual Occurririg O&M Costs 
Non-Annual Occuring O&M Costs: 

Year 
Year 
Year 
Year 

Total Present Value of Project 

5 
10 
15 
20 

Cash Flow 
$1,003,700 

$4,200 
$7,200 
$4,200 
$7,200 

Annuity 

$40,467 

Present Value 
$1,003,700 

$602,054 

$3,623 
$5,357 
$2,696 
$3,986 

$1,621,417 
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Table 19: Forced Draft Packed Column Air Stripper (Cylindrical Style) Capital Cost 

CAPITAL COST 
HEM" 
NO. 

UNIT PRICE 

($) DESCRIPTION QUANTITY UNITS COST ($) 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Forced Draft Packed Column Air Stripper (Cylindrical Style) 

CONSTRUCTION COSTS: 
Forced Draft Packed Column Air Stripper 

Assumption: Two (2) units, second unit is considered a 
standby/redundant unit. 138' diameter NSF-appmved FRP 
Column standing 23-9" tall. Packed bed depth is 12 feet thick. 
Blower is 20 horsepower Requires a 50 HP transfer pump to 
integrate with exis 

Chemical Cleaning Package (serves both strippers) 
Freight and Delivery to Jobsite , included in above 
On Site Loading/Unloading of Equipment 
Site Work 
Security Fencing/Gates 
Yard Piping 
Connection to Existing Plant Piping/Clearwell 
Treatment Building (40 ft x 50 ft x 14 ft) 
Process Plumbing 
Electrical Sitework and Interior 
Electrical Controls: -SCADA System 
System Start-Up 
Training 
Mobilization/Dem obilization 

Subtotal-Construction Cost 

Contingencies 

Total-Construction Cost 

Professional Services/Indirect Costs: 
Pre Design Testing/ Pilot Study 
Project Management 
Engineering (Design & Construction Phase) 
Supervision & Administration/Construction 

Total-Professional Services/Indirect Costs 

Total Opinion of Project Capftal Cos* 

25% 

1 
6% 
12% 
8% 

LS 

EA 

$365,000 

$20,000 

$730,000 

1 
0 
1 
1 
1 
1 
1 

2000 
1 
1 
1 
1 
1 
1 

LS 
EA 
LS 
LS 
LS 
LS 
LS 
SF 
LS 
LS 
LS 
LS 
LS 
LS 

$70,000 
$0 

$5,000 
$15,000 
$10,000 
$20,000 
$15,000 

$80 
$15,000 
$25,000 
$20,000 
$15,000 
$5,000 
$20,000 

$70,000 
$0 

$5,000 
$15,000 
$10,000 
$20,000 
$15,000 

$160,000 
$15,000 
$25,000 
$20,000 
$15,000 
$5,000 
$20,000 

$1,125,000 

$281,300 

$1,406,300 

$20,000 
$84,400 

$168,800 
$112,500 
$385,700 

$1,792,000 
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Table 20: Forced Draft Packed Column Air Stripper (Cylindrical Style) Operation & 

Maintenance Cost 

OPERATION AND MAINTENANCE COSTS 
ITEM 
NO. I DESCRIPTION QUANTITY UNITS UNIT PRICE 

Forced Draft Packed Column Air Stripper (Cylindrical Style) 

ANNUAL OCCURRING COSTS: 
General Svstem Ooeration and Maintenance: 

Labor Costs: 
Assumotion: 2 hrs/dav x 365 dav/vr 

System Performance Monitoring/Sampling: 
Assumption: 2 samples per event {one upstream and one 
downstream of train) x 1 process train x 1 event/month x 12 
months/yr 

Power Costs: 
20 HP Blowrer 
Assumption: 20 HP x 0.746 kW/HP x 24 hrs/dav X 365 
days/year 

75 HP Transfer Pump 
Assumption: 50 HP x 0.746 kW/HP X 24 hrs/dav x 365 
days/year 

Miscellaneous Expenses 

Subtotal-General System O&M 

Total-Annual Occuning Costs 

NON-ANNUAL OCCURRING COSTS: 

Media Cleaning 
Assumption: Acid clean media oackina with cleanina svstem. 
assuming 8 manhours per cleaning @ $40/MH and $1,000 in 
cleaning materials. 

Blower Rehabiliation 
Pump Rehabilitation 

730 

24 

130,699 

326,748 
1 

Project Years 

5,10,15,20 
10,20 
10.20 

HRS 

SAMPLES 

kW 

kW 
EA 

Cost 

$1,320 
$3,000 
$7,500 

$40 

$125 

$0.10 

$0.10 
$5,000 _ 

TOTAL 

$29,200 

$3,000 

$13,070 

$32,675 
$5,000 

$82,945 

$82,945 
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Table 21: Forced Draft Packed Column Air Stripper (Cylindrical Style) Present Value 

Analysis 

PRESENT VALUE ANALYSIS 
ITEM 
NO. DESCRiPTlON QUANTITY UNITS UNIT PRICE TOTAL 

Forced Draft Packed Column Air SMpper (Cylindrical Style) 

Total Project Cost Summary O&M Costs: 
Assumptions: 

Project Life 20 yrs 
Discount Rate 3% 

Project Capital Cost 
Annual Occurring O&M Costs 
Non-Annual Occuring O&M Costs: 

Year 
Year 
Year 
Year 

Total Present Value of Project 

5 
10 
15 
20 

Cash Flow 
$1,792,000 

$1.320 
$11,820 
$1,320 

$11,820 

Annuity 

$82,945 

Present Value 
$1,792,000 
$1,234,008 

$1,139 
$8,795 

$847 
$6,544 

$3,043,334 
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Table 22: Low-Profile Sieve Tray Air Stripper Capital Cost 

CAPITAL COST 
ITEM 
NO. 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

DESCRIPTION QUANTITY UNITS 

Low-Profile Sieve Tray Air Stripper 

CONSTRUCTION COSTS: 
Low-Profile Sieve Tray Air Stripper 

flssumotton: Five (5] parallel train units. Sfth unit is considered a 
standby/redundant unit Stainless steel constmction, three (3) 
tray design. 12 feet by 6 feet tray footprint, approximately 8 feet 
total height. Demister included. Blower is 40 horse 

Freight and Delivery to Jobsite 
On Site Loading/Unloading of Equipment 
Site Work 
Security Fencing/Gates 
Yard Piping 
Connection to Existing Plant Piping/Cleanwell 
Treatment Building (40 ft x 70 ft x 14 ft) 
Process Plumbing 
Electrical Sitework and Interior 
Electrical Controls: -SCADA System 
System Start-Up 
Training 
Mobi 1 ization/Demobilization 

Subtotal-Construction Cost 

Contingencies 

Total-Construction Cost 

Professional Services/Indirect Costs: 
Pre Design Testing/ Pilot Study 
Project Management 
Engineering (Design & Construction Phase) 
Supervision & Administration/Construction 

Total-Professional Services/Indirect Costs 

Total Opinion of Project Capital Cost 

5 

2 
1 
1 
1 
1 
1 

2800 
1 
1 
1 
1 
1 
1 

25% 

1 
6% 
12% 
8% 

LS 

LOADS 
LS 
LS 
LS 
LS 
LS 
SF 
LS 
LS 
LS 
LS 
LS 
LS 

EA 

UNIT PRICE 
($) 

$65,000 

$10,000 
$10,000 
$15,000 
$10,000 
$20,000 
$15,000 

$80 
$15,000 
$25,000 
$50,000 
$20,000 
$7,500 

$20,000 _ 

-

$20,000 

-

= 

COST($) 

$325,000 

$20,000 
$10,000 
$15,000 
$10,000 
$20,000 
$15,000 

$224,000 
$15,000 
$25,000 
$50,000 
$20,000 

$7,500 
$20,000 

$776,500 

$194,100 

$970,600 

$20,000 
$58,200 

$116,500 
$77,600 

$272,300 

$1,242,900 
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Table 23: Low-Profile Sieve Tray Air Stripper Operation & Maintenance Cost 

OPERATION AND MAINTENANCE COSTS 
TTEM" 
NO. DESCRIPTION QUANTITY UNITS UNIT PRICE TOTAL 

Low-Profile Sieve Tray Air Stripper 

ANNUAL OCCURRING COSTS: 
General Svstem Operation and Maintenance: 

Labor Costs: 

AsKiimption: 2 hrs/day x 365 day/yr 

System Performance Monitoring/Sampling: 
Assumption: 5 samples per event (one combined upstream and 
one downstream of each of 4 trains) X 1 event/month x 12 
months/yr 

Power costs: 
40 HP Blower 
A.'i.'Mmotion: 24 HP x 0.746 kW/HP x 24 hrs/day x 365 
days/yeur 

Tray Cleaning: 
Assumption: Powerwas/i and acid clean (if necessary) stripper 
trays assuming 8 manhours per unit @ $40/h/IH and $250 in 
cleaning matenals. 

Miscellaneous Expenses 

Subtotal-General System O&M 

Total-Annual Occurring Costs 

NON-ANNUAL OCCURRING COSTS: 

Blower Rehabiliation 

730 HRS 

60 SAMPLES 

156,839 kW 

1 EA 

$40 

$125 

$0.10 

$5,000 

$29,200 

$7,500 

$15,684 

$1,850 

$5,000 

$59,234 

$59,234 

Project Years Cost 
10,20 $3,000 

Treatment Alterflatives Assessment 
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Table 24: Low-Profile Sieve Tray Air Stripper Present Value Analysis 

PRESENT VALUE ANALYSIS 
ITEM 
NO. DESCRIPTION QUANTITY UNITS UNIT PRICE TOTAL 

LoW'Prorile Sieve Tray Air Stripper 

Total Project Cost Summary O&M Costs: 
A.'ssumotions: 

Project Life 20 yrs 
Discount Rate 3% 

Project Capital Cost 
Annual Occurring O&M Costs 
Non-Annual Occuring O&M Costs: 

Year 10 
Year 20 

Total Present Value of Project 

Cash Flow 
$1,242,900 

$3,000 
$3,000 

Annuity 

$59,234 

Present Value 
$1,242,900 

$881,251 

$2,232 
$1,661 

$2,128,044 
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5.3 Comparison of Treatment Alternatives 

A summary of the treatment alternatives evaluated in this report is provided below: 

Table 25: Treatment Alternatives Summary 

FACTOR 

No. of Units 

Process 

Configuration 

Unit Capacity 

Unit Size 

(approximate) 

Features 

Other 

Capital Cost 

Present Value of 

O&M Cost (20 yrs; 

Total Present Value 

Cost 

Considerations 

GRANULAR 

ACTIVATED ' 

CARBON 

ADSORPTION 

12 

Six parallel trains of 

2 units in series (6* 

train is redundant) 

695 gpm/train 

10-12 ft Dia. X 16-18 

ft H per vessel 

20.000 lbs of carbon 

per vessel 

Painted carbon steel 

with cross-over 

piping/control 

$2,588,900 

$4,045,689 

$6,634,589 

• Installed D.S. of high 

service pumps 

• Largest building 

required 

• High cost of carbon 

replacement 

PACKED 

COLUMN 

2 

Two (2) parallel 

trains of single unite 

(2"^ train is 

redundant) 

3, 475 gpm 

12 ft X 12 ft in x20ft 

H 

10 ft depth of Jaeger 

Tri-Pack #2 media 

Aluminum housing 

5HPBIower(10,800 

cfm) 

$1,003,700 

$617,717 

$1,621,417 

• Assumes no 

pumping required-

borderline as to 

whether it is required 

• Lowest overall cost 

• Media cleaning 

less difficult than 

cylindrical version 

AIR STRIPPERS 

"PACKED 

COLUMN 

(Cy l indr ica l ) 

2 

Two (2) parallel 

trains of single unite 

(2"' train is 

redundant) 

3, 475 gpm 

11.5 ft Dia X 24 ft H 

12 ft of Delta Pak 

media 

FRP construction, 

20 HP Blovi/er, 

Chemical cleaning 

system 

$1,792,000 

$1,251,334 

$3,043,334 

• Requires pumping 

to or from unit because 

of heigtit 

• Highest cost of air 

stripper options. 

• Media cleaning 

more difficult than 

square version 

• Access is difficult 

Not completely housed 

in building 

LOW-PROFILE 

SIEVE TRAY 

5 

Five parallel trains of 

single units (5*̂  train 

is redundant) 

1,000 gpm/unit 

12.5ft X 6.5ftx6ft 

H 

3 aeration trays per 

unit 

Stainless steel 

construction, 40 HP 

blower (3,500 cfm), 

1,000 gal sump 

$1,242,900 

$885,144 

$2,128,044 

• Requires no 

pumping because of 

low height 

• Second lowest 

overall cost 

• Tray cleaning is 

much less difficult than 

media deaning 

Better operating 

flexibility with four 

operating trains. 
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6 RECOMMENDATION 

Both non-treatment and treatment alternatives are evaluated in this report. The non-

treatment wellfield pumping management may provide a short-term approach to deal with the 

contaminant plume until more reliable TCE treatment provisions can be constructed and 

Incorporated into the treatment provide at the City of Forrest City Water Treatment Plant #1. 

This approach has been ufilized to some extent already by the Ufility Stafl̂ . 

A more long-term and predictable approach to the TCE problem for the City of Forrest 

City would be to construct and operate a TCE treatment system at Water Treatment Plant #L 

TCE reduction at the anficipated levels is quite easily accomplished by the convenfional 

technologies evaluated in this report. Treatment by liquid phase granular acfivated carbon 

(GAC) and air stripping are the most prevalent methods. The cost-efl'ecfiveness of GAC 

systems typically comes down to the design flowrate and expected treated water volume. GAC 

is exhausted as the TCE is adsorbed to the surface of the carbon and as a result requires 

eventual removal, disposal and replacement. The cost for this operation and maintenance 

consideration many times makes GAC treatment less cost effecfive in a present value cost 

analysis than air stripping for larger design flows. 

Air stripping is the recommended treatment process for TCE reduction for the City of 

Forrest City WTP #L Several alternafive styles for air strippers are evaluated resulfing in a 

projected present value cost for a 20-year project life of $1.6M to $3.1 M. Packed tower (square 

and cylindrical geometries) and low-profile sieve tray styles both offer reliable and efficient 

treatment opfions. The cylindrical style packed tower in this case has the both the highest 

capital cost and operafion and maintenance cost of the opfions evaluated. 

Both the packed tower (square style) and the low-profile sieve tray strippers offer 

essentially equivalent alternafives. The ultimate selection should be based upon more design 

development and closer examination of the exisfing water treatment plant piping elevations and 

the flexibility of incorporating either of these two into the exisfing treatment process without 

requiring pumping provisions. The choice should be made to locate the stripper into the 

originally-designed treatment process flow in the event that softening is ever resumed at this 

facility and to do so without the need to pump to or from the unit(s). It would appear that since 

the low-profile sieve tray stripper is much shorter than the packed tower (square style) that it 

should be the technology of choice. 

Physical variations should also be examined with potenfial vendors during the design 

phase. The height of the packed tower (square style) stripper could possibly be reduced if the 
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footprint is expanded. Addifional considerations for assisfing in periodic cleaning should also be 

invesfigated during the design phase in an effort to reduce overall operating and maintenance 

costs of either system. 
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APPENDIX 

NONE 
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